/ 



© b * m # & ft (j p) @ ta m ^ m 
®^fH#fF&?g (a) ¥1-311188 

©Int. CI. 4 mSiJS^" Jt^SS*^ ¥(1989)12.8 15 B 

C 09 K 11/56 CPC 7215-4H 

H05B 33/14 ™'- 3K .*m* *n* »wi«tT (ask) 

Sg 0363- 139273 
@& Sg B§63(1988) 6 U 8 B 

@» 9! f § * # ^ *35«Jffl»#rimS^SlTg280»ift ttS^ttBHK 

@is 9i * jii « » * iEK«a»#ms2s^aiTg28o#» ttet^ttBScs 



qo nil ^ 

1 . J5 W <0 * ft 

2 . 44 fit M # 0 *S KH 
1 . .-fi* 

2 n 1-* M * • S : b T m 

( 0 < a £ 0 . 3 , (XbSO.l) 

* A <D ffl m ffi ri* £ ft U , ± % T m *+ tc J: U 

2. ttftQ!%RC9 WliSSTt 1 >HK««9ffid«»lc J? v>T. 
(0.05<a^0.2, 0 < b £ 0 . 0 6 ) 

*<DZn, M « JSfH t 9 0 0 1CU±TJ»lA 

4. el (xi/nD/K*yt>^) $ ? * ffl 
*n#fl<o'>ft < t * 1 »npM5K 



5. Zn, M«. T m <D ft JJX ft tff *Xm<t&T 
II Aft 2*. Hetv^S/iSllH-riZiiiCJ: U.. tttt 

ft W « J: i jc U fe c t * « « t f * tt * » JH JA 

6 . NttM>J*0>ttnjft4 xn'52 « <o *i # # t , tit m 
7 . -naa 

Z ni'iM {iS : bTmoMn 
(.0<aS0.3 t 0<b^0.1,0Soi0,l) 

« MlA ^ «Q <b 3fi M t Mffcv ^ * */ 
"V A <D 0 J3 $ * 6 & y * ± M 3tt T m K J: 

a . a m m :? *fl ft sa igg 
At » ft e> t* n * «o a as -j!/ us i: ff t t> y . « ic a & 

el (xu0ha;i/£*:y-fevx) & a W & l& 



-629- 



a- k ffl r ffi to tc n tt & Trt -t ffl # * w -r * . 

Cft*0ttt*n 

(Zn, Ms) SSJtt^tt4itt^^^« 

T m , Tm-Mnfcfr?Sbfcifty6#fclHU-Cfla& 

*a & 11 . 

1 5 8K C J .Eloctrochnaical Soc , 9£(4) 1 55 - 
156 ( 1952) 3 Ktf^T. Mj S 2 5 * /U* ttT. 
Dl ij Z n S * * h» a ( Z "n , Ms) S «f K 
C u . A e t P b , A. » i S b • B i *J * I* 
Cu-Mn. P b - M n , Cu-Pbfc**t* 

*ittJSbfcffl#»Kov*T* 

2 ) ^ _ ^ ;i, . * :f . 0 y * * n> ^ a - X m 
7 2 #,IB 1 7 0 J(* 6 1 8 SHCJ.of Cryjitol 
Growth 72 179- 183 (1985)] IC i? V> X • Zm-. 
M k S , 6<o<0.1 ©ftt«ii:5 Oppi o 
Mn£tttf-r**« 2 9 0 n mBfiK* 0450 



6) fJDB 1061 - 49397 # K I* . 

0^rK*-fc08*EL5H**-tt«>a i fl« 

C U £ & « 8 * ^ * 7 ^ ^ ^ ~ ^ 12 L 
j:lB0&*n«0*fc. D > 2) . 3) » v * "** 

3fc?|F0i|itoffl*«7Onm]aJ:K2fctfa9-»wK 

6 o a * (* fe m « w » ^ ffl ^ ^ *R ^ ^ » K E L 

* V t± ± < ft ft U * l * ftft\sT*>M*>XWlfi. 
v> . 

- * • M 5 ) 1 Sft I* fe. Z n S : T m P » © 
i!f £ ft ft & ti # K I* W ^ • A m / w It Z n S : 
M n 0 * *v * lj 2«?tti:tt^kvO^/J* t *». 



1-311188 (2) 

2 13, 5!2100S^210flH CJ.of 
Material Science U 21.00- 2108 (1985) ] 

Z.i*.Mc.S:Cu, Br fc HI fc 
^US!KLfl5J8*^-f x 0 «1 * K tt- 

^ 525nm*6436nm*-C£'7h-rafc 

^>r**s>;-jno#.#4N,sns 1 2 H * 

5 1 6HCHusnian J. of Inorcanic Che«i«try 
9 (4)512 - 516 (1964) 3 H t? ^ T M g S It 
ZnSlC?fl/"C2 2 j e;i/%*"CSW^- 0 ftf & 
flDJtt^lCff^^^ft3R*^fi»«°' C o At* 

t, K *f? * T * * K * * l ^ v '*> • 

5 ) '80 x * • 7 ' r -< 4T -f {7 x A h fl$ 
l0 6l[ '80 SID Digest P 1 06 (1 980)] 
iZ tt , « H!5 E L 31 * »** T Z n S : T m F i 
OJn/Wtt. z n S : M n O * K * -»J - W /> 

* a <w 0 a w ** . -t & « I® a & * ~ rfi K w a u 
mtaskcfes. * ft W <o {6 © a fa « • ft & & 

7 Tx nT AS * E L * * & f& *T * * » * • * * • 

* « IJI 0 * 6 Kl <A 0 B «M* * JiKELSttTF-ftfttt 

(iKlfflfcMtt'rafc«>0#ia) 
_fc *ci H fcl 1± » ft ft >T V I;: # £ 0 T m *♦ £ 

^: z n s « w{*tt*0#* itt^Ktuy 

28 fA 5 to 4 • 

■f t> *> . * ft HM © ffl 3% » © W ^ l± - A3 "A 
Zmi-mMsaS : bTm 
X^Xlto. 0<«<0.3. 0<b<_0.1 
© « B IC fcn^ T ft ^ Jft Ifi W * W tt ^ W *^ * • 

• :tf, J: « #1 »& K An *. "C . ISC ^ W ifil X H »t» 
tc i * X * *J. KE W K Jtt A -r * * M 4^ ^ ft a - 

1 1* . ^ ft i?i 0 & a ^ -r 5 *i 0 -c tt ^ . 

±W«J«0fflyfiWKi:. O ffl 3t » US fc 



-630- 



»6#vftWHE L*?0 5 KH * , iE*ttlKI» 

S-e»iK*nSKtt)ttt*FtZnS:0-0 1Tni Sr 

fflv*fc. JS 1 6 *ft * * K« 

b«0.01, 0 . 0 3, 0.0 6 Ofltlcfffi^4l 

«! -C li . b » 0 . 0 3 tftfc^Tinafia^ 
%<0n$. ZnS:0.01Tm«>209* 0) 8UK 

2 n jl-*M K 4 S rfi C tt M n «9?M«I 
liiili»iattfvvtMn *tJirdiKl^^SA-fi- 



5f 03^1-311188 (4) 
n«UH»v»Ttt. *Stt 0 } * « k raw c« e> 

^IttW 3 

E «• RAM^Htf 0.3 0 P m. 

M c o. i S : 0 . 3- 3 T m » ifi UK * ft »J . 

KO^y*Ofc»«ELa¥fttthRl'fc* 5KI,Z ' 
iE«*«»KJ:y. x~ 0.3 0 7, y= 0. 200 . 

!■ m . ^J5lHflt^^tli0.6 2/ira IC a £ 
t IC J: y • x « 0 . 4 1 0 . y = 0 . 3 6 5 . SI 
UJ 3 4 0 0 Kfl)flfifi»J««:»fe' 6 n fc « 



«fc -3 T 1* 6 U - 

# 1 0 7* & nfl £ ^ ft * } iC . »j«l*fitfia±'C 

» t* - w tt -b k & A/ t « y • ^iy?tfi"pi9 6^fcs 

© 1 * 





n « 0 .0 
Ottt« 


a =0. 1 


b = 0.0 1 


100 


18 2 


b = 0.03 


6 1.0 


209 


b = 0.06 


50.5 


10 3 



( ?5 T0J <B S& £ ) 

e, tv * « * y -c ft < • aiiuijaoWffl&BLsif^ic 
5Sffli/Tjci*<aaifio* l a* *> # fa ft a & « 



wft **fttfaa***y«ft'< yir *'' h,c * 

* # W <o & Jft * w * * * * ^ • 
I . @ iTii © flff in ft a no 

«uiiA A\)\\m 



-632- 




X 



4 *»W*EL-*f 



HBaTl-311188 (5) 



-633- 



1 



(19) Japanese Patent Office 



(11) Patent application public number 



(12) Public Patent Report (A) 



(51) Int. CI. 4 
C09K 11/56 
H05B 33/14 



Identification Symbol 
CPC 



Reference number for Patent Office only 
7215-4H 
7254-3K 



HEI 1-311188 



(43) Publication Date: December 15, 1989 



(54) Name of invention 



Request for Ex amination: Examination not requested Number of Claims: 7 (5 pages total) 
Phosphor material and the manufacturing method of the phosphor material 

(21) Application Number TOKUGAN SHO 63-139273 

(22) Application Date June 8, 1988 



(72) Inventor: 

(72) Inventor: 

(71) Applicant: 
(74) Attorney: 



Shinkichi Tanimizu 

Yoji ICawamata 

K.K. Hitachi Seisakusho 
Patent attorney 



c/o Central Research Center, K.K. Hitachi Seisakusho 

1-chome, 280-banchi, Higashi-Koigakubo, Kokubunji-shi, Tokyo 

c/o Central Research Center, K.K. Hitachi Seisakusho 

1-chome, 280-banchi, Higashi-Koigakubo, Kokubunji-shi, Tokyo 

4-chome, 6-banchi, Kanda-Surugadai, Chiyoda-ku, Tokyo 

Katsuo Ogawa (and one more person) 



Details 

1 . Name of invention 

Phosphor material and the manufacturing method of the phosphor material 

2. Range of the patent claim 

1) It is a phosphor material, which features that the main emission is generated by 
Tm 3+ , which the ordinary formula is indicated below, and 



Zn uMgaS : bTm 
(0<a^ 0.3, 0<b ^ 0.1) 

which the main composition is made of the solid solution related to zinc sulfate and 
magnesium sulfate. 

2) It is concerning the phosphor material, which is stated in the aforementioned (1) 
of the range of the patent claim, and it is a phosphor material," which features that 
the numbers are indicated as below; 



(0.05 <a^ 0.2,0 <b ^ 0.06) 

3) It is a manufacturing method of phosphor material, which features that the main 
material is made of T m, and the baking is performed with the designated amount 
of Zn and Mg raw material at 900 °C or higher. 

4) It is an EL element, which features that at least one component of the emission 
layer, which composes the EL element, is made of the phosphor material, which is 
mentioned in (1) of the range of the patent claim. 



5) It is an evaporation source target for the phosphor material film forming, which 
features that it shall obtain the phosphor material film, which shall include the 
composition of (1) of the range of the patent claim by forming each raw material 
of Zn, Mg and Tm, which are constructed by the sulfide. 

6) It is an EL element, which features that the combination of the structure is made 
of the emission layer, which is mentioned in (4) of the range of the patent claim, 
and the orange emitting ZnS : Mn emission layer, which shall have the 
relationship of the complementary colors to the said emission layer. 

7) It is a phosphor material, which features that the main emission is generated by 
Tm 3+ , which the ordinary formula is indicated below, and 

Zn u Mg a S:bTmoMn 
(0<a^0.3, 0<b^0.1, O^c^O.l) 

which the main composition is made of the solid solution related to zinc sulfate and 
magnesium sulfate. 

3. Detailed explanation of the invention 
[Utility field of the industry] 

This invention is related to the phosphor material of the new composition, which the 
main emission is within the blue color area, and the manufacturing method of such 
phosphor material, and it is specially related to such phosphor material, which shows 
an excellent characteristic for using it in the blue color area of the white color EL 
display. 

P. 630 

[Existing technique] 

There are publications according to the phosphor material, which shall have the (Zn, 
Mg) S as the main material and the examples are shown below. However, there are 
no publications concerning the phosphor material, which the Tm and Tm - Mn are 
added to the said main material. 

1) The emitting characteristics of the ultraviolet light excitation and the electron 
beam excitation concerning the phosphor material, which Cu, Ag, Pb, As, Sb, Bi, 
Cu - Mn, Pb - Mn and Cu - Pb are added to the main material of (Zn, Mg) S, 
which is composed of MgS less than 25 mol% and ZnS, were written on page 155 
to page 158, Vol. 99 (4) of the Journal of Electrochemical Society (1952). 

2) The emitting at 450nm peak was observed by 290nm excitation by adding Mn of 
50 ppm to the main material of Zn Ua M g S, 0 < a < 0.1, which were mentioned on 
page 179 to page 183, Vol. 72 of the Journal of Crystal Growth (1985). 

3) It is reported that the emission peak wavelength of the scattered EL, which shall 
use Z n i-a M g a S : C u, B r, shall be shifted from 525nm to 436 nm, on page 
2100 to page 2108, Vol. 21 of the Journal of Material Science (1985). 
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4) Page 512 to page 516, Vol 9 (4) of the Russian Journal of Inorganic Chemistry 
mentioned that the MgS shall solidly dissolve up to 22 mol% against the ZnS, and 
when the amount of the solid solution increases, a o and C o of the hexagonal grid 
invaluable shall also increase. 

5) In the '80 S I D Digest, Page 106 (1980), concerning the thin film element, lm/W 
of Z n S : T m F 3 is 2 digits smaller than the lm/W of the Z n S : M n. 

6) In the KOKUKAISHO 61-49397, it indicates such full-color thin film EL 
element, which features that it consists of 2 substrates, which are the transparent 
substrates that one of the emitting EL elements of red, green or blue, is formed on, 
and another transparent substrate, which the emitting EL element of the remaining 
two colors are formed on, and that both substrates are arranged at the facing way 
to each other. 

[The problem to be solved by the invention] 

According to the abovementioned publications, the main emitting areas of the phosphor 
materials, which are mentioned in (1), (2) and (3) are all within the blue area, however, 
because the half value range of the emitting band is more than 70nm, the luminance is 
low as for the blue component of the color displays. Also, the thin film EL element, 
which is created using these phosphor materials, might not generate emission at all or 
even if they do, the luminance shall be extremely low. 

On the other hand, although the luminance of the Z n S : T m F 3, which is mentioned in 
the above (5), is high, lm / W is more than 2 digits lower than Z n S : M n, which is a 
weak point. Also, the abovementioned (6) has a weak point in that the element structure 
shall be complicated. 

The purpose of this invention is to provide the new phosphor composition material, 
which shall solve all the problems mentioned above, and the manufacturing method of 
such phosphor material. The other purpose of this invention is to provide the EL 
element, which is possible to make the white displays. Also, one other purpose of this 
invention is to provide the evaporation source target composition material, which is 
suitable for forming the phosphor film of the abovementioned EL element phosphor 
material. 

[The method of how to solve the problem] 

The above purpose shall be accomplished by using the Tm 3+ with high luminance against 
the emitting ion as well as expanding the Z n S related main grid in order to make it easy 
to introduce the Tm 3+ . 

Therefore, the composition of the phosphor of this invention is indicated by the ordinary 
formula of Z n i_ a M g a S : b T m, and it shall obtain the most effective characteristics 

within the range of 0 < a < 0.3, 0 < b ^ 0.1. 

In addition to the abovementioned composition, the fact that there are impurities, which 
are mixed during the manufacturing process, etc., they shall not cause deviation from the 
purpose of the invention. 
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P. 631 

Also, by combining the phosphor film of the abovementioned composition and other 
phosphor film, an excellent white display EL element can be created. 

As universally known, because the ion radius of Z n 2+ is r = 0.74 °A is smaller than the 
ion radius of Tm 3+ of r = 0.95 °A, in order to introduce a designated amount of Tm 3+ , it 
is necessary to expand the main grid. In order to expand the main grid, one should 
dissolve ZnS into MgS. For example, if 22 mol% MgS is dissolved into ZnS, the grid 
invaluable ao is increased by 1.9% and the grid invaluable Co is increased by 1.1%. 

Also, in order to introduce the emitting ion of the triple positive charge such as Tm 3+ to 
the positive ion grid point of the double positive charge such as Zn 2+ and Mg + , instead 
of using Tm element, which is widely used, it is possible to use sulfuric raw material of 
Tm or cheap oxide raw material. By using the evaporation source target of the 
combination of the abovementioned sulfuric raw material, the white display EL element 
shall be created effectively. 

[Function] 

The most important advantage of this invention is that the same level or even higher 
luminance as the ZnS : 0.001 Tm, which the initial material is Tm F 3 , is obtained by Z n 
o.8 M g o.i S : 0.001 Tm, which the initial material is T m 2 0 3 , which is a cheaper material. 

Also, the second advantage is that by expanding the main grid from ZnS to (Zn, Mg) S, 
the adjustment of Tm density to make the suitable luminance becomes easier. This 
advantage is good for the adjustment of the Tm density within the emission layer of then 
thin film EL element, which makes the upper limit of the Tm density within the emission 
layer at least one digit higher than the existing number. 

The third advantage is that by using sulfuric Tm instead of TmF 3 as the initial material, 
stable EB deposition can be performed without having any charge ups. 

The abovementioned second and third advantages, which are related to the thin film EL 
element forming, shall generate the fourth advantage as well. It means by combining the 
blue emission layer with the optimum condition of the Tm density and well-known ZnS : 
Mn orange emission layer, such white EL display as the color temperature of 3000K to 
9000K can be possible. When the amount of MgS solid solution against ZnS is 
increased, a weak broad emitting appears in the orange color area besides the main 
emitting within the blue color area, and because this emitting shall be overlapped with the 
ZnS : Mn orange color emitting, it shall not bother the white display. 
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[Example of implementation] 

Hereinbelow, this invention shall be explained in accordance with the implementation 
example. 

Implementation example 1 

According to the ordinary formula of Zn Wa Mg a S : b Tm, in order to compose the 
phosphor material of a = 0.15, b = 0.001 which means Zn 0.35 Mg 0.15 S : 0.001 T m, the 
initial material of ZnS, MgS and Tm 2 0 3 with high purity shall be measured accurately, 
and shall be mixed them well, and after mixing, 100 g of them shall be placed on the 
transparent quartz board, and then they shall be baked at 1000 °C for 2 hours at the 
atmosphere of H 2 S flow rate of 100 ml/min. Also, for the comparative example, Tm F 3 is 
used for the initial raw material, which is commonly used for a = 0, b = 0.001, which 
means ZnS : 0.001 Tm, and baked under the exact same firing conditions as the above. 
The luminance by the electron beam excitation of 10 KV, lfiA/cm 2 was 119% setting 
the standard figure as the figure of the comparative example when using the phosphor 
material of a = 0.15. When b = 0.001, the luminance which is higher than the 
comparative example is obtained at x = 0.05, 1.0 and 2.0 of the chromaticity coordinates. 
On the other hand, when a > 0.3, because the association coloring appeared, which shall 
be the reason of the sludge of M g S, such luminance, which is equal to the comparative 
example, could not be obtained. Tm 2 0 3 is a cheaper material than Tm F 3 , and it is a 
better material as for the utility phosphor material. 

Implementation example 2 

A 3-layer structured thin film EL element, which the emission layer is sandwiched 
between the Y 2 0 3 insulation layers, is created by the EB deposition technique. The 
phosphor material of this invention and the ZnS : T m phosphor material of the 
comparative example are used for the emission layers. According to the phosphor 
composing of this invention, sulfuric Tm, which the sulfate rate is 93% from sulfurating 
Tm 2 0 3 for 45 hours at the atmosphere of H 2 S 100 ml / min., is used for the initial 
material of Tm in order to control the charge up when performing the EB deposition. 
Therefore, unlike the implementation example 1, all of the Zn, Mg and Tm raw materials 
are sulfuric, and the evaporation source target for EB was created by firing at 1000 °C at 
the Algon atmosphere after applying the pressure molding on the powder phosphor 
material, which is obtained by baking the mixture of each designated amount of Zn, Mg 
and Tm material for 2 hours at 900 to 1000 °C at the H 2 S flow rate of 100 ml / min. 

P.632 

On the other hand, the initial material of Tm concerning the comparative example of ZnS 
: Tm is Tm F 3 , which is the same as the implementation example 1, and the evaporation 
source target is created by the same process as the abovementioned pressured molding 
baking. 

The relative value of the EL saturated luminance under the sine wave drive at 5 KHz of 
the obtained thin film EL element is shown in Table 1. The comparative example of ZnS 
: 0.01 Tm is used for the luminance standard. As it is clearly seen from Table 1, 
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compared with the result of the comparative example, which the luminance decreases 
from b = 0.01 to 0.03 and then to 0.06 when b = 0.03, which means Tm density is 3 
mol%, 209% luminance of ZnS : O.OlTm is obtained from the Zn 0.9 Mg 0.1 S main 
material of this invention. 

The existence of the impurities within the abovementioned composition, which can be 
ignored or within the acceptable range, shall be included in the range of this invention. 
For example, the impurities of Mn, etc., are easily dissolved in the Zni. a Mg a S. Also, Mn 
often shall be mixed with the abovementioned composition during the firing process of 
the phosphor material or deposition process. However, such mixture of the Mn shall not 
bring the quality inferior to the phosphor material as long as it stays within the certain 
amount, and if the emitting from the existence of Mn (for example 10 mol%) shall not be 
the reason for an impediment against the white color display of the EL element, etc., it 
can be treated as the same case, which can be ignored. 

Implementation example 3 

The thin film EL element, which the emission layer is sandwiched by the same insulation 
film Y 2 0 3 as the implementation example 2, which is made of the 2-layer density film, 
which is composed of the ZnS : Mn, which the film thickness of the emission layer is 
0.30 jam and the peak wavelength is 585 nm, and the Zn 0 .8 Mg o.i S : 0.33 Tm of this 
invention, which has the film thickness of 0.81 ^im and the peak wavelength of 475 nm, 
is created by the EB deposition technique. By the sine wave drive of 5KHz, the day light 
color emitting of the color temperature of 6500K, x = 0.307 and y = 0.290 were obtained. 
Also, by selecting the film thickness of the abovementioned 2-layer density layer to be 
0.45 |im, in the case of ZnS : Mn, and 0.62 jam, in the case of the phosphor material of 
the invention, x = 0.410, y = 0.365, and the color temperature of 3400K, warm white 
color emitting was obtained. One example of the obtained chromaticity point is shown as 
the black points (symbol 4) in Figure 1. The similar chromaticity point is obtained also 
by the simultaneous implementation of EB deposition technique to the ZnS : Mn 
phosphor material and the phosphor material of this invention even if it does not depend 
on the abovementioned 2-layer density film. 

As it is clearly seen from Figure 1, the black points are arranged almost in a straight line, 
and the white display, which is obtained by this method shows that it is a low dimension 
white color, which is low cost and essentially different from the white display, which is 
composed of the mixture of the red color, green color and blue color. 



Table 1 (P.632) 



M g S solid 
Solution 
Amount (mol) 

Tm density 
(mol) 


a = 0.0 
[Comparative example] 


a = 0.1 

[Implementation example 2] 


b = 0.01 


100 


182 


b = 0.03 


61.0 


209 


b = 0.06 


50.5 


103 
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[Effectiveness of the invention] 

According to the invention, not only does this obtain higher luminance and higher tint, 
but also it obtains wide color temperature, which is suitable for the thin film EL element 
of the ordinary structure, as well as the low cost white display, which is excellent for the 
liquid back light. 

Further, the effectiveness of the invention is obtained by the new phosphor material 
composition, which is made of T m 3+ , however, the effectiveness of the invention shall 
not change even if a small amount of ion besides T m 3+ is mixed. 

4. Simple explanation of the figure 

Figure 1 is a chromaticity diagram, which indicates the chromaticity characteristics of the 
phosphor material of the implementation examples of the invention. 

Attorney: Patent attorney Katsuo Ogawa 



8 



P. 633 
Figure 1 

1: Chromaticity point of the phosphor material of the invention 
2: Chromaticity point of the ZnS : Mn phosphor material 
3: Locus of the black points 

4: Chromaticity point of the EL element of the implementation example 3 
End 



